SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No. : NEW 
Docket No.: 108075-00116 



Fig.1 (Prior Art) 



Write Clock WCK 



Ful ( Flag FF- 
Empty Flag EF— - 



Read Clock RCK 



1 1 1 

/ 



Data Input 



116 




Write Pointer WQ ^ 



I 



1 15 



Flag 

Generation/ 
Cance I la i I on 
Circu it 

r~ — 





Comparison 




Circuit 




Read Pointer RQ ^ 




Data Output 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No. : NEW 
Docket No.: 108075-00116 



Fig. 2 



Write 
Clock WCK 



Full 
Flag FF 



Empty 
Flag EF 



Read 
Clock RCK 



18 




Full Flag 
Generat i on/ 
Cancel lat Ion 
Clrcui t 



Empty Flag 
General i on/ 
Cance I tat i on 
Circuit 



/ 



1 1 



Data Input 



Next Wr i t e Pointer WQC | 



Current V r i te Pointer WQA 



15 



Compar i son 
Circuit 



> 




Compar i son 
Circuit 



V 



Compar ison 
Circuit 



A 
> 

V 




Memory 



Current Read Pointer RQA 



Next Read Pointer RQC I 



12 
1/ 



Data Output 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No.: NEW 
Docket No.: 108075-00116 

L > 



Full Flag FF — - 
Write Clock WCK— 



FIFO Reset 
Signal RS 



21 
I 

Clock 
Control 
Circuit 



Fig. 3 



WCK2 



"ount-Up 
Log i c 
Circuit 



■ CLK 




■ 0 


Q 


. RES 




Fl ip- 


■flop 




CLK 




D 


Q - 


RES 




FUp- 


f lop 



24 




13 




• i ■ 



rQC[3:0] 

- Next Write Pointer WQC 
£QA[3:0] ••• 

- Current Vrite Pointer WQA 



oi_ivnL>ui\uuc l UK DEVICE 
Inventor's Name: OZAWA 
Application No.: NEW 
Docket No.: 108075-00116 



Fig. 4 



15 



WQC[0 
RQA [0 

WQC [1 
RQA (1 

WQC [2 
RQA [2 

WQC [3; 
RQA [3; 




34 



Fig. 5 



Full Flag FF - 

Write Clock VCK 





41 

} 






Clock 
Cont po t 
Circuit 


WCK2 




1 



First Comparison Circui t 
(Signal Indicating the 

Next Write Pointer - 
and the Current Read 
Pointer Match) 



Write Clock WCK 



Third Comparison Circuit 
(Signal Indicating the 
Current Wr I te Poi nter 
and the Current Read 
Pointer Do Not Match) 



18 



Empty Flag EF 



CLK 



D 



Q 



Compar i son 
Result 

Determination 
Circuit 



T 

42 



Flag 

Set 

FS 



1 



43 

J 



CLK 



D 



Q 



Compar i son 
Result 
Determination 

C i r r- 1 1 i f 



Flag 
Reset 
FR 



i 



FS 



45 

L_ 

Hset Flag 

Output Q 
RES Circui t 



Flag 
Control 
Circuit 



FR 



Y 

44 



T 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No.: NEW 
Docket No.: 108075-00116 



v 



Fig. 6 



Write Control Clock WCK2 



First Comparison 
Ci rcu i t Output S i gna I 




42 

/ 



Compar i son Resu 1 1 
Determination Signal 



Fig. 7 



L Fixed 



Flag Set Signal FS - 
Flag Reset Signal FR 



45 



v ) 


CLK 




SET 




D Q 




RES 




Flip-flop 





~Full Flag FF 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No. : NEW 
Docket No.: 108075-00116 



Fig. 8 



Empty Flag EF — 
Read Clock RCK 



61 



Clock 
Cont ro I 
Ci rcu i t 



19 



RCK2 



Second Comparison Circuit 
(Signal Indicat ing the 

Next Read Pointer -< 
and the Current Write 
- Poi nter Match) 



Read Clock RCK 



Third Comparison Circuit 
(Signal Indicating the 
Current Read Pointer - 
and the Cur rent Write 
Pointer Do Not Match) 



FIFO Reset 
Signal RS 



Full Flag FF 



/ 



CLK 



D 



Q 



Compar i son 
Result 
Determine! Ion 
Circuit 



r 

62 



Flag 
Set 
FS 



i 



1 



63 



CLK 



D 



Q 



Compar i son 
Result 
Detern i nat I on 
Circuit 



Flag 

Rese t 
FR 



Flag 
Contro I 
Circui t 



n 



64 



FS 



65 



set Flag 

Output Q 
res Circuit 



FR 



Empty 
Flag 
EF 



Fig. 9 



Write Control 
Clock VCK2 

First Comparison 
Circuit Output Signal 



Clock Fall 
Detect i on 
Circuit 



T 

71 



42a 




CLK 



51 
J. 



De lay 
Circuit 



Compar i son 
Result 
Determinat ion 
Signal 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No. : NEW 
Docket No.: 108075-00116 



Fig. 10 



WCK 



VCK2 



WQAT 



WQCT 



RCK L 
RCK2 I 



RQAC 



RQCD 



W0C=RQA 



WQA^RQA 

SET 



FF 



JA 



m 



ta 



tb 



tc 



id 



j — l_j — I n. 



1 



I L 



J L 



TF 



0 



res |n p in h h 



IE 



F 



eg: 



J — L 



IE 



H 



U 



fl 



41 



r 



r 

ir 



i 1 



WCK 
WCK2 
WQA 
WQC 
RCK 
RCK2 
RQA 
RQC 
WQC=RQA 

WQA^RQA 

SET 
RES 
FF 



Write Clock 

Write Clock Controlled by the Full Flag 
Current Write Po inter 
Next Write Po i nter 
Read Clock 

Write Clock Controlled by the Empty Flag 
Current Read Po inter 
Next Read Pointer 

Signal Indicating the Next Write Pointer 

and the Current Read Pointer Match 

Signal Indicating the Current Write Pointer 

and the Current Read Pointer Do Not Match 

Flag Set Signal of the Full Flag Output Circuit 

Flag Reset Signal of the Full Flag Output Circuit 

Full Flag- 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No. : NEW 
Docket No.: 10S075-00116 

v _ —J 



Fig. 11 



WCK I L 



WCK2 



WQA"Z 



wqc~a~ 



RCKl 



RCK21 



RQATJ" 



RQCF 



¥QC=RQA 



WQA#RQA 
SET 



RES 



FF 



1 



IK 



1 I — I I L 



1 I L 



1 — L 



m 



i — L 



F 



EE 



fl 



i — L 



in 



L 



a 



fi_ ft ft ft ft 



F 



n 



WCK 
WCK2 
WQA 
WQC 
RCK 
RCK2 
RQA 
RQC 
WQC=RQA 

WQA^RQA 

SET 
RES 
FF 



Wr i t e CI ock 

Write Clock Controlled by the Full Flag 
Current Write Pointer 
Next Wr i te Po inter 
Read Clock 

Write Clock Controlled by the Empty Flag 
Current Read Pointer 
Next Read Pointer 

Signal Indicating the Next Write Pointer 

and the Current Read Pointer Match 

Signal Indicating the Current Write Pointer 

and the Current Read Pointer Do Not Match 

Flag Set Signal of the Full Flag Output Circuit 

Flag Reset Signal of the Full Flag Output Circuit 

Full Flag 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No.: NEW 
Docket No.: 108075-00116 



Fig. 12 



RCK 



te tf tg th 

■ I I ■ I i i 

ri_J~n__rn_J~i_J _ ^J-n__r 



RCK2 ! 


J u 


II- U 


si > 


;l L_4f 


1 


il 


l 






















RQA 2 


|A 




iic 


f 1 o i 


E 




IF 






















RQCA , 


IB 


: ic 




u 




E ! 


F 




G 




WCK | 




1 

1 






1 
I 






t 
t 






i 

i i 

i r 




i 1 


1 






1 i 


f ' 


1 J 


1 




















i 

— r 


WCK2 | i 


:| 


i 1 


jr 






1 • 




1 w 


1: 












i 
i 












WQAC ! 




\ 






i 

r 


E' 






! F 




G 


i 
i 






• 




i 

— * — 
















WQCD 




i e 










i 1 G 




h ; 


i 


RQC=WQA ! 










t 












,H 


i 
i 










1 :i 


11 ' 


















RQA^WQA | 
SET i 










u 

1 I 


j 


1 : 




RES : 


R \ 


n — J 


n — 1 


n — \\ 


1 1 


1 

n f 


l i 












■ 

• 











I 



RCK 
RCK2 
RQA 
RQC 
WCK 
WCK2 
WQA 
WQC 
RQC=WQA 

RQA^WQA 

SET 
RES 
EF 



Read Clock 

Wr i te Clock Control led 
Current Read Po inter 
Next Read Pointer 
Write Clock 

Wr i te Clock Control led 
Current Wr i te Pointer 
Next Write Po i nter 
Signal Indicating the 
Current Wr i te Po inter 
Signal Indicating the 



by the Empty Flag 



by the Fu 1 1 Flag 



Next Read Pointer and the 
Match 

Current Read Pointer and 
the Current Write Pointer Do Not Match 
Flag Set Signal of the Empty Flag Output Circuit 
Flag Reset Signal of the Empty Flag Output Circuit 
Empty Flag 



SEMICONDUCTOR DEVICE | 
Inventor's Name: OZAWA 
Application No. : NEW 
Docket No.: 108075-00116 



Fig. 13 



RCK_ 

RCK2 

RQA~T 

RQCX 

WCKl_ 
WCK2~L 
WQAlT 
WQC"F 



RQC=WQA 



1 I — L 



RQA*WQA" 
SET 



EF 



RCK 
RCK2 
RQA 
RQC 
WCK 
WCK2 
WQA 
WQC 
RQC=WQA 

RQA^WQA 

SET 
RES 
EF 



1 — L 
T5~ 



res h ft 



l I — i_r 



r— r 



EE 



Jl 



D 



1_ 



R 



in — h 



Read Clock 

Wr i te Clock Control led by 
Current Read Pointer 
Next Read Pointer 
Write Clock 

Write Clock Controlled by 
Current Wr i te Po i nter 
Next Write Po inter 
Signal Indicating the 
Current Wr i te Po inter 
Signal Indicating the 



1_J — L_J — L 

in. 



1 



• i— 



the Empty Flag 



the Fu 1 1 F( ag 



Next Read Pointer and the 
Match 

Current Read Pointer and 
the Current Write Pointer Do Not Match 
Flag Set Signal of the Empty Flag Ou t pu t Circuit 
Flag Reset Signal of the Empty Flag Output Circuit 
Empty Flag 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No. : NEW 
Docket No.: 108075-00116 



Fig. 14 



Write 
Clock WCK 



Full 
Flag FF 



18 



Full Flag 
Generat I on/ 
Cance I lat i on 
Circuit 



Empty 
Flag EF 



Empty Flag 
Generat i on/ 
Cance 1 1 a t i on 
Circuit 



Read 
Clock RCK 



13 



83 






Clock 
Contro I 
Circuit 




Dat 





Write 
Counter 



Next Wr ite Pointer WQC * ) 



Current Write Pointer VQA 



^15 



Conpar i son 
Circuit 



A 

> 

V 



^17 



Compar i son 
Circuit 



Compar i son 
Circuit 




A 

> 

V 



Current Read Pointer RQA 



Next Read Pointer RQC 



V 



IjLA 



82 
U 



Memory 



r 



Clock 
Control 
Ci rcui t 



Data Output 



SEMICONDUCTOR DEVICE 
Inventor's Name: OZAWA 
Application No.: NEW 
Docket No.: 108075-00116 



Fig. 15 



Write 
Clock 
WCK 



Full 
Flag 
FF 



Empty 
Flag 
EF 



Read 
Clock 
RCK 




83 

_J 

Clock 
Contro I 
Circuit 



/ 



81 



Data Input 



Next Write Pointer WQC 







Current Write Pointer WQA 



Full Flag 
Generat I on/ 
Cancel lat ion 
Ci rcui t 



-15 



Comper i son 
Circuit 



Empty Flag 
Generat i on/ 
Cance I lat i on 
Circuit 



19 



^17 

/- 



Compar i son 
Circuit 



1_L 



Compar i son 
Circui t 



> 

V 




104 



Current Read Pointer RQA] 



Next Read Pointer RQC 



Clock 
Contro I 
Circui t 



84 




02 







Memory 
Cell 










Memory 
Cel t 






CO 




Memory 
Cell 




CO 

_J ' 


ift r 




Memory 
Cel I 






eg 1 st 




Memory 
Cel I 




CT> 
CO 

tr> 
f-«- 


—J 




Memory 
Cell 




CD 
—J 






Memory 
Celt 










Memory 
Cell 







\ 

92 




Data Output 



